At the age of 24 weeks, 60 Pekin type ducks, line P66, were divided into 6 flocks (1 drake and 9 ducks). A control and an experimental group were formed, each comprising 3 flocks. Both groups were fed a standard diet, but that of the experimental group was supplemented with 500 mg vitamin C/kg. Ducks from the experimental group exhibited a significantly higher erythrocyte count (on average, by 0.16 × 10 12 /L) in blood collected in weeks 5, 11 and 17 of the experiment. The haemoglobin level in the blood of birds from this group measured in week 17 was 0.73 mmol/L higher than in the control group. Both egg fertilization as well as duckling hatching from fertilized eggs obtained from ducks in the experimental group (on the third hatch) were higher, while the number of crippled ducklings was smaller. The erythrocyte count in the blood of one-day-old ducklings derived from the ducks fed vitamin C-supplemented diets was significantly higher, on average, by 0.14 × 10 12 /L. In addition, in comparison with the control group, the haemoglobin level in the blood of ducklings derived from ducks in the experimental group and hatched from eggs set in weeks 4 and 11 of the experiment was 0.74 and 1.04 mmol/L higher, respectively. The ducklings derived from the experimental group of ducks and hatched from eggs set in week 18 of the experiment had a 2.5 percentage point higher haematocrit value.
INTRODUCTION
In the course of the reproduction period, rearing conditions in housing facilities for ducks deteriorate considerably. The thickness of the wet, deep litter increases as does the air temperature inside the house, facilitating the development of pathogenic microorganisms. These factors are stressors that can exert a negative influence on production results (Jones, 1996; Klecker et al., 2002) as well as on the homeostasis of the ducks by, among others, changes in the values of haematological indices. Stress lowers the erythrocyte count, the haemoglobin concentration, and the haematocrit value in birds (Yahav and Hurvitz, 1996; Yahav, 1999) . It was reported that due to stress, the total leucocyte count in the blood increased (Tymczyna et al., 1996; Kontecka et al., 1999) , whereas that of lymphocytes, decreased (Maxwell and Robertson, 1995) and the heterophil-to-lymphocyte ratio increased (McFarlane and Curtis, 1989; Mitchell et al., cited by Maxwell, 1993) . Moreover, some blood traits in ducks can be associated with reproduction results (Kontecka et al., 1995) .
The addition of vitamin C to feeds for poultry can have a beneficial influence on the leucocyte count as well as on other haematological indices. In hens fed diets supplemented with vitamin C, Kontecka et al. (1997) reported higher erythrocyte counts, haemoglobin levels, and haematocrit values in comparison with the control group. Moreover, Zulkifli et al. (2000) found that vitamin C added to broiler feed alleviated the effects of stress. Consequently, the heterophil-to-lymphocyte ratio did not increase. There is no information in the available literature about effect of adding vitamin C to duck diets on their haematological indices.
The aim of this study was to investigate whether supplementing feeds with vitamin C can influence haematological indices in ducks during the reproductive period and in their offspring.
MATERIAL AND METHODS
During the reproduction period lasting from February to the end of July, a 26-week experiment was conducted at the Department of Waterfowl Breeding -Dworzyska, the National Research Institute of Animal Production. Sixty Pekin type ducks line P66, aged 24 weeks, were divided into 6 flocks (1 drake and 9 ducks) and kept in a windowless house on straw litter. A control and an experimental group, each comprising 3 flocks, were formed. Both groups were fed a standard diet containing 17.4% crude protein and 11.3 MJ of metabolizable energy per kg. The diet was composed of, g/kg: wheat 550, barley 100, soyabean oilmeal 160, meat-and-bone meal 80, dried grass 30, fat concentrate 30, limestone 30, dicalcium phosphate 10 and vitamin-mineral premix 10. The diet for the experimental group was supplemented with 500 mg vitamin C per kg.
During the experimental period, blood was collected from all 54 females from the subcutaneous elbow vein (vena ulnaris cutanea) following a 12 h fast in weeks 5, 11 and 17. In the course of the investigations, three hatches were carried out in weeks 4, 11 and 18 of the experiment; all eggs collected during the preceding 5 days were set. The following numbers of eggs were set on the consecutive setting dates: 158 and 166, 128 and 117, and 71 and 157 for the control and experimental groups, respectively. After hatching, 36 one-day-old ducklings were selected from each group and blood was collected from their necks after decapitation.
Erythrocyte and leucocyte counts were made using Bürker's chambers under a microscope. The haemoglobin level was determined with the cyano-methaemoglobin method (Stankiewicz, 1973) and the haematocrit, by the micro-haematocrit method. Blood smears were stained by the Pappenheim method (Bomski, 1989) and then 100 consecutive leucocytes were counted under the microscope dividing them into granulocytes and agranulocytes. The significance of differences between means was verified by Student's t-test using the SAS ® (v. 9.1) statistical package.
RESULTS
The ducks from the experimental group (Table 1) had a significantly higher erythrocyte count (on average, by 0.16 × 10 12 /L) in all blood tests, i.e. in weeks 5, 11 and 17. In comparison with the control, the birds from the experimental group were also characterized by a higher haemoglobin level, albeit a statistically significant difference of 0.73 mmol/L was found only in the last blood test. Ducks from both groups did not differ with regard to the haematocrit value, although in week 11 the difference amounted to 1.5. In week 5 of the experiment, blood of the birds from the control group exhibited a significantly higher leucocyte count (by 5.5×10 9 /L), but during the next blood tests no significant differences between the groups were recorded. The control and the experimental groups failed to differ significantly with regard to the percentage of individual types of granulocytes (Table 2) . Moreover, the two groups did not differ (P≤0.05) with regard to the percentage of lymphocytes or as to the heterophil-to-lymphocyte ratio.
In the third hatch, the ducks from the experimental group had significantly more fertilized eggs (by 16.5 percentage points) and duckling hatches from fertilized eggs (by 23.6 percentage points) (Table 3 ). In the same hatch, the control group had a significantly higher (by 9.9 percentage points) hatching of crippled ducklings. Feed consumption in the groups was not controlled in the course of the experiment, but the ducks fed the vitamin C-supplemented diets consumed more feed. One-day-old ducklings derived from parents in the experimental group were characterized by a significantly higher erythrocyte count (on average by 0.14 × 10 12 /L) in all three hatches (Table 4 ). In addition, the ducklings from the first and second hatches were characterized by a higher haemoglobin level (0.74 and 1.04 mmol/L, respectively) when compared with the control group. In the third hatch, the haematocrit value in the group of ducklings derived from the experimental group was found to be significantly higher (by 2.5 percentage points). Ducklings derived from the control group had a 3.9×10 9 /L lower (P≤0.05) leucocyte count in the first hatch.
On the other hand, ducklings derived from the parents of both groups did not differ significantly with regard to the percentage of basophils, heterophils, lymphocytes, monocytes, as well as to the heterophil-to-lymphocyte ratio in any of the three hatches (Table 5 ). The only exception was the percentage of eosinophils, which was higher in the blood of ducklings from the third hatch derived from the control ducks.
DISCUSSION
The erythrocyte count in the blood of ducks fed the vitamin C-supplemented diet (500 mg/kg vitamin C) was higher in all blood tests, but the haemoglobin level in this group of birds was higher only in the third blood test. Kontecka et al. (1997) reported a higher (by 0.56×10 12 /L) erythrocyte count in 30-week-old laying hens fed diets supplemented with 200 mg/kg vitamin C in comparison with birds from the control group. According to Torgowski and Kontecka (1998) , pheasants fed diets supplemented with vitamin C and iron had, in the middle and towards the end of the reproductive period, a higher erythrocyte count and higher (on average, by 0.99 mmol/L) haemoglobin level. Also Al-Taweil and Kassab (cited by Traş et al., 2000) reported a higher haemoglobin level in broiler chickens fed vitamin C-supplemented diets (450 mg/kg) in comparison with controls. Higher levels of egg fertilization and better hatching results in the group of ducks fed vitamin C-supplemented diets could have been associated with the increased erythrocyte count in the blood of these birds. Kontecka et al. (1995) found a positive correlation between the number of erythrocytes and egg fertilization (r p =0.355) and duckling hatchings (r p =0.443).
No difference was found the present experiment in the haematocrit value between ducks fed diets with or without vitamin C. Similar results in broiler chickens were reported by Hassanzadeh-Ladmakhi et al. (1997) . In our study, ducks fed vitamin C-supplemented diets had a lower leucocyte count in the first blood test. On the other hand, in hens and pheasants, Kontecka et al. (1997) and Torgowski and Kontecka (1998) did not find differences in the leucocyte counts between birds fed vitamin C-supplemented diets and controls. Satterlee et al. (1989) reported a smaller number of heterophils and a higher one of lymphocytes in the blood of broiler chickens fed vitamin C-supplemented diets and examined 8 h before slaughter, as compared with birds from the control group. Hence the value of the heterophil-to-lymphocyte ratio in this group of chickens was lower. On the other hand, Gross (1988a,b) reported a lower heterophil-tolymphocyte ratio in chickens exposed to a short-term thermal stress and low air temperatures and fed vitamin C-supplemented diets. In the present study, however, no effect of vitamin C was found on the heterophil and lymphocyte counts or on the heterophil-to-lymphocyte ratio in the blood of ducks. This could have been caused by the long-term effect of the deteriorating environmental conditions on the organisms of ducks. Maxwell et al. (1992) and Maxwell (1993) showed that long-term exposure to stress reduced the number of heterophils and increased the numbers of basophils and monocytes in birds. Also Kontecka et al. (1997) found a considerable increase in the proportion of basophils, eosinophils and monocytes 5 weeks after the withdrawal of vitamin C from diets fed to hens reared under poor environmental conditions. Differences between the control and experimental groups in the heterophil-to-lymphocyte ratio were not found. The observed higher erythrocyte counts, haemoglobin levels, and haematocrit values in the blood of the one-day-old ducklings from the experimental group could be indicative of a positive impact of the feeding of reproductive ducks with vitamin C-supplemented diets. No significant differences between ducklings derived from the parents from the vitamin C-supplemented and control groups regarding the percentage of granulocytes and agranulocytes were observed, however. A more comprehensive discussion of our results is impossible due to the lack of literature data on this subject.
CONCLUSIONS
It can be concluded that ducks fed diets supplemented with 500 mg/kg vitamin C were characterized byhigher erythrocyte counts and higher haematocrit values. Our investigations failed to show the impact of this vitamin on the leucocyte profile, in particular, on the heterophil-to-lymphocyte ratio, however. The results of egg fertilization and hatchability were better in ducks fed vitamin Csupplemented diets. One-day-old ducklings derived from the ducks fed vitamin C-supplemented diets had higher erythrocyte counts, haemoglobin levels, and haematocrit values.
Producers can be encouraged to add vitamin C to duck feed, especially during the final period of reproduction.
